Objective We clarified the prevalence of cholelithiasis/cholecystitis in long-term tracheostomy invasive ventilation (TIV) patients in our hospital. Methods We investigated the occurrence of cholelithiasis/cholecystitis in twenty-seven TIV patients over the past eight years. Results There were ten patients with cholelithiasis/cholecystitis. The underlying disease was amyotrophic lateral sclerosis (ALS), except for 1 patient. Mean age was 56.2 ± 4.7 years and the average period to the attack of cholelithiasis/cholecystitis from TIV was 57.6 ± 15.1 months. Two patients of acute cholecystitis had acalculous cholecystitis. Five of the ten patients developed a severe state of cholecystitis and needed aggressive therapy. Conclusion The prevalence of gallstones, symptom prevalence of asymptomatic cholelithiasis, the percentage of acalculous cholecystitis of acute cholecystitis in TIV patients was higher than in the general population. Therefore, it may be possible that TIV is a risk for cholelithiasis/cholecystitis. Some of the ALS patients with long-term TIV develop severe cholelithiasis/cholecystitis, and those facts should be considered in our daily clinical practice.
Introduction
With recent advances in medicine, the number of neuromuscular disease patients who can live long with tracheostomy invasive ventilation (TIV) has been increasing. Clinicians have to give sufficient consideration when treating patients with TIV to maintain a high quality of life. Prevention of complication is therefore a very important point in daily clinical practice.
For the last few years, we experienced cholelithiasis/ cholecystitis in long-term TIV patients (mainly amyotrophic lateral sclerosis: ALS) in our hospital in succession. There were recurrence cases, some of which needed operation. One case became severe and died of sepsis. As far as we know, based on a literature search, there is little research on cholelithiasis/cholecystitis in long-term TIV patients. It is important for ALS patients who want to live with long-term ventilator support to discover cholelithiasis/cholecystitis in an early stage to receive urgent care. In this retrospective study, we report the occurrence of cholelithiasis/cholecystitis in TIV patients for the past seven years.
Materials and Methods

Subjects
Twenty-seven patients, with TIV between April 2002 and March 2010 were retrospectively included in this study (men 15, women 12, mean age 56.2±4.7 years) (detailed information in Table 1 ). Eighteen patients had ALS, four patients had muscular dystrophy, two patients had myotubular myopathy, and the others had either progressive external ophthalmoplegia, myasthenia gravis, or Pompe disease. Since there is a possibility that long-term bedridden is a risk for cholelithiasis/cholecystitis, twenty-nine long-term bedridden patients who were not on a ventilator were examined as the comparative controlled patients (mean age is 73.7±1.6 years) ( Table 1 ). In the control group, fifteen patients had Parkinson's disease, thirteen patients had Parkinson's syndrome, and one patient had anoxic brain. In both groups, all cases used a gastrostomy tube. For an observational report of twenty-seven cases using data obtained during the regular management of the disease and care without specific investigations performed for a research purpose, approval from our hospital ethics committee was not required.
Diagnosis of cholelithiasis/cholecystitis
We used the "Diagnostic criteria and severity assessment of acute cholecystitis: Tokyo Guidelines (1)" to diagnose cholelithiasis/cholecystitis. We checked the local signs of inflammation (Murphy's sign and a mass/pain/tenderness in the right upper quadrant), systemic signs of inflammation [fever, elevated C-reactive protein (CRP) level, and elevated white blood cell count), and imaging findings (ultrasonography, magnetic resonance imaging (MRI), and computed tomography (CT)]. We checked age, sex, hypercholesteremia and the number of daily calories to investigate the risks of cholelithiasis.
Statistical analyses
Statistical difference was investigated by chi-square test, and under certain conditions, Yates' correction was performed. All statistical analyses were performed using SPSS (IBM, Tokyo, Japan).
Results
Ten of twenty-seven long-term TIV patients displayed cholelithiasis/cholecystitis (37.0%). In contrast, there was no patient with cholelithiasis/cholecystitis and only two patients with asymptomatic cholelithiasis among the comparative controlled patients (6.9%) which is close to the prevalence in the general population in Japan (2) . The prevalence of cholelithiasis/cholecystitis with long-term TIV patients is significantly higher than the comparative controlled patients (p=0.015).
Eight of ten long-term TIV patients with cholelithiasis/ cholecystitis had gallstone (prevalence of gallstone is 29.6%). Out of those eight patients, six patients with gallstone developed acute cholecystitis (the rate of change from asymptomatic to symptomatic cholelithiasis is 75.0%), and other two patients developed acalculous cholecystitis (25.0%) ( Table 1 , 2). The onset of cholelithiasis was 59.1± 14.6 months after receiving TIV. In general, women are susceptible to cholelithiasis/cholecystitis (3) . However, in this study eight of fifteen men with long-term TIV displayed cholelithiasis/cholecystitis patients (53.3%), and two of twelve women (16.7%) ( Table 2) . As a result, men were more likely to display cholelithiasis/cholecystitis in this series.
Nine of ten long-term TIV patients with cholelithiasis/ cholecystitis were ALS patients. Therefore, we further examined those long-term TIV ALS patients (18 cases) in detail ( Table 3 ). Seven of nine ALS patients developed acute cholecystitis. There was no significant difference in age, sex, hypercholesteremia, body-mass index (BMI), and the number of daily calories and TIV years, when comparing cholelithiasis/cholecystitis positive group to negative group. Both groups were male-dominated, no hypercholesteremia, and low BMI and daily calories. The risk factors of cholelithiasis/cholecystitis in long-term TIV ALS patients were different from the general risks of cholelithiasis and/or cholecystitis except for the age.
For prognosis of seven acute cholecystitis patients, one case died from septic shock as a result of acute cholecystitis (Case 1). Four cases underwent percutaneous teanshepatic gallbladder drainage (PTGBD) for acute cholecystitis: two of them underwent laparoscopic cholecystectomy later due to the relapse of cholecystitis (Case 2). And the other two cases were improved by antibiotics and prevented development of cholecystitis by ursodeoxycholic acid (Case 3). Thus, half of the patients with acute cholecystitis developed severe symptoms and needed aggressive medical treatment. Some cases are presented as follows.
Case 1: A 52-year-old man with ALS who had TIV since 1998. In May 2004, he had a fever of 38 and reduced urine output. His state was improved by antibiotics but had a fever again. He was hospitalized immediately because of abdominal pains, impaired consciousness and blood pressure reduction. Disseminated intravascular coagulation and liver dysfunction were detected by the blood test. Debris echo, enlarged gallbladder and thickened gallbladder wall were detected by abdominal ultrasound. He was diagnosed as septic shock with acute cholecystitis. His general status was severe and he died on the following day.
Case 2: A 75-year-old man with ALS who had TIV since 1997. In July 2005, he was admitted to our hospital because of a fever of 39 , elevated CRP and transaminase. Debris echo and gallstone were detected by abdominal ultrasound. He was diagnosed as acute cholecystitis with gallstone. His condition was improved with antibiotics therapy and he was discharged from the hospital. However, about one week later, he was admitted again due to the relapse of cholecysti-tis. Since the effect of inhalation anesthesia on ALS was unknown, he chose to undergo PTGBD and was discharged with it. In March 2003, he was admitted again due to the relapse of cholecystitis. In May, he underwent laparoscopic cholecystectomy, and after that he has being achieving relapse-free home care.
Case 3: A 57-year-old man with ALS who initially developed dysarthria in February 2004. In October 2005, he displayed respiratory muscle failure and was put on a mechanical ventilator. In addition, he was suffering from aspiration pneumonia and was fed by a gastrostomy tube. In late-October, he developed a fever and elevated transaminase was detected by biochemical examination of blood. Debris echo, thickened gallbladder wall and pericholecystic fluid collection were detected by abdominal ultrasound. He was diagnosed as acute acalculous cholecystitis. Since acute acalculous cholecystitis was discovered early, his state was improved with treatment of antibiotics. 
Discussion
The number of cases of cholelithiasis has increased to over 10 million in 1993 (Public Welfare Index in Japan; 1993). Of the natural history of cholelithiasis, serious symptoms or complications (acute cholecystitis, acute cholangitis, clinical jaundice, and pancreatitis) were observed in 1-2% of asymptomatic patients and in 1-3% of patients with mild symptoms per year (3). Cholecystolithiasis accounts for 90-95% of all causes of acute cholecystitis, while acalculous cholecystitis accounts for the remaining 5-10% (3). It has been classically known that the patients with cholelithiasis have factors such as "4F" and "5F" (female, fat, fertile, fair, forty). In "Tokyo Guidelines" published as the international guidelines in 2007, it is pointed out that no study has examined the association of factors other than obesity and age with the risk of onset of acute cholecystitis (3, 4) .
The prevalence of gallstone among long-term TIV patients was 29.6%. The rate of change from asymptomatic to symptomatic cholelithiasis (include acute cholecystitis) was 75%. Both rates are higher than those of the general population in Japan [2.6-18.9% (2), 15.5-33.2% (5), respectively]. For the long-term bedridden patients as comparative controlled patients, the prevalence of gallstone was in the same range of general population in Japan. The prevalence of cholelithiasis/cholecystitis among long-term TIV patients was significantly higher than the long-term bedridden patients ( Table 1 , p<0.05).
Mean age of long-term TIV patients with cholelithiasis/ cholecystitis was in the same range of general population in Japan. There were more men than women who displayed cholelithiasis/cholecystitis. And mean BMI was lower than 22. The risks of cholelithiasis/cholecystitis with long-term TIV patients are less likely to be related to the risks such as 4F and 5F. It was pointed out that retraction of gallbladder was a sluggish pace by bedridden state and then the formation of gallstone was promoted (6) and that tube feeding is a risk factor of acute cholecystitis (7) . However, the prevalence of gallstone with long-term bedridden patients in this control group was in the same range of the general population in Japan. Our data suggest that long-term bedridden states are not necessarily the risk of gallstone. Also almost all long-term TIV patients and long-term bedridden patients were fed by a gastrostomy tube in this study, therefore tube feeding is also not necessarily a risk for a gallstone.
Acalculous cholecystitis which defined as acute inflammation of the gallbladder in the absence of stones is accounts for 2.0-15.0% of acute cholecystitis and is likely to occur in patients with serious disease, and has a poor prognosis (8) . The prevalence of acute acalculous cholecystitis among acute cholecystitis with long-term TIV patients was high (25.0%). Although, these patients were not in serious condition before the onset of acute acalculous cholecystitis, one patient died within 24 hours (Case 1). Therefore, it is important to take into consideration the possibility of acute acalculous cholecystitis with long-term TIV patients.
In this study ALS patients with long-term TIV showed more chance to develop cholelithiasis/cholecystitis. There were not any general risks except for their age, therefore there may be other reasons to explain the mechanism of cholelithiasis/cholecystitis in ALS patients. It is possible the long-term TIV itself is a risk for cholelithiasis/cholecystitis. However, it is difficult to find an appropriate age-matched control group to study and we could not verify the reports about the long-term TIV with cholelithiasis/cholecystitis as far as we know from our literature search. There are several reports which suggest that ALS patients have autonomic nerve system impairment such as constipation or hyperfunction of the adrenergic sympathetic nervous system (9, 10) . Intestinal hypoperistalsis may cause poor contractility with biliary stasis and sludge formation. Also sympathetic activation can contribute significantly to splanchnic hypoperfusion (11) and may lead to poor contractility with biliary stasis, sludge and gallstone formation.
In the present study, half of the long-term TIV ALS patients with cholelithiasis/cholecystitis needed aggressive medical treatment. One of the reasons why cholelithiasis/ cholecystitis became severe may be that it is difficult for the TIV ALS patients to communicate with words about abdominal symptoms despite lucidity because of progression of ALS, therefore it may be difficult to diagnosis early. In addition, the elevation of aspirate aminotransferase and alanine aminotransferase do not occur at the early stage of acute cholecystitis. Therefore, it is recommended that CRP should be measured and abdominal ultrasonography should be performed in patients who have possibilities of acute cholecystitis (1) . We consider that these easy to use examinations are useful in TIV patients who have difficulty undergoing CT and MRI.
It is recommended that TIV may be considered to preserve QOL in patients with ALS who want long-term venti-lator support in ALS guidelines of American Academy of Neurology in 2009 (12) . It is important for ALS patients who want to live with long-term ventilator support to discover cholelithiasis/cholecystitis in early stage to receive rapid cure.
In conclusion, the prevalence of cholelithiasis/cholecystitis in long-term TIV patients (especially ALS patients) is high and cholelithiasis/cholecystitis may become severe. It is important that clinicians recognize the possibility of cholelithiasis/cholecystitis in long-term TIV ALS patients, and perform risk assessment (such as ultrasonography) even if there is no symptom. This leads to early detection and treatment of cholelithiasis/cholecystitis. Likewise, when long-term TIV ALS patients show symptoms of infection, clinicians are encouraged to include cholelithiasis/cholecystitis as one of the possible cause of the infection.
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